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ABSTRACT 

The utilization of a design approach for a planing boat 

similar to that followed in the design of a hydrofoil boat or 

an airplane leads to a nev, more efficient type of planing boat 

configuration. The lift-drag ratio of the new configuration is 

approximately 50 percent greater than that of the conventional 

stepless planing boat. 

MTRODÜCTION 

The fact that a planing boat at high speed is supported mainly by 

dynonic lift suggests that the lifting surface of such a craft should be 

designed for the efficient attainment of dynamic lift. Also, it is evident 

that helpful guidance in attaining this end can be expected from the hydro- 

foil and aircraft design fields, since it is well known that extensive 

analytical and experimental studies of the performance of the lifting sur- 

faces of these craft have led to effective design procedures for the efficient 

attainment of dynamic lift. On the other hand, when present-day methods of 

designing conventional planing boats are examined, it becomes apparent that 

these methods do not treat such craft fron ehe point of view of producing 

hulls which will develop dynamic lift in the most efficient manner. There- 

fore, a new approach which should yield substantial improvements in perform- 

ance seems to be suggested. 

In this report the characteristics and efficiency of the present-day 

conventional planing boat are compared with those of a craft which has been 

designed for the efficient attainment of dynamic lift - the hydrofoil boat 

is the craft with which the comparison is made. Also, a determination is 

made of the effects on configuration and perfcrmance of a planing boat of 

designing its lifting surface in such a way that the desired lift is 

attended by a low value of drag. 



COMPARISON OF A CONVENTIONAL PLANING BOAT WITH A HYDROFOIL 

Figure 1 gives the characteristics of a representative conventional 

planing boat which was designed for a gross weight of 50,000 lb and a 

speed of 50 knots. Also shown, to the same scale, is a hydrofoil designed 

to carry the same gross weight at the same speed. A noteworthy contrast 

between the two craft is the large disparity in the sizes of their lifting 

areas. The lifting area of the planing boat (i.e., the area wetted by solid 

water in plan view) is ten times as large as the lifting area of the hydro- 

foil. Therefore the planing boat has the disadvantage of much higher fric- 

tional resistance than the hydrofoil. The relationship between the lifting 

areas is also reflected by the respective values of lift coefficient; i.e., 

the value of lift coefficient for the planing boat is l/lO the value for the 
W 

hydrofoil. (CT here equals 5- , where ¥ Is 50,000 lb, and S Is the 
L />/2 Sv 

lifting area in plan view; since Pfe equals 1.00 for salt water, this 

simplifies to CT = —5 )• It is clearly important in connection with 
L  Sv2 

lifting efficiency, or lift-drag ratio, that the aspect ratio of the 

hydrofoil is six times as large as the aspect ratio of the planing boat, 

and that the hydrofoil has a carefully designed camber whereas the planing 

boat has no camber. 

In summary then, the planing hull differs markedly from the hydrofoil 

in the values of three of the parameters - lift coefficient, aspect ratio, 

and camber - which are of particular importance In connection with the 

efficient attainment of dynamic lift. Furthermore, the hydrofoil was 

designed with particular attention to those factors, while the design pro- 

cedure for the planing hull ordinarily negjLects such considerations. It is, 

therefore, not surprising that the lift-drag ratio for the hydrofoil 

(including its associated strut and nacelle) Is 50 percent higher than 

the lift-drag ratio for the planing hull. It is also evident that a 

promising approach for improving the planing hull would be to design it 

fron the point of view of the efficient attainment of dynamic lift. 
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LDT-DRAG RATIO VERSUS LDT COEFFICIEMT FOR A HYDROFOIL 

One of the significant relationships vhich guides the design of an 

efficient hydrofoil is that between lift-drag ratio and lift coefficient. 

Such a relationship is shown in figure 2 for a representative foil-strut- 

nacelle configuration. This figure Indicates that the maximum lift-drag 

ratio attainable for this configuration is approximately 9*5 and that the 

corresponding lift coefficient is 0.24. To avoid cavitation at the design 

speed of 50 knots, however, it is necessary to reduce the design lift 

coefficient to a value of 0.20. The lift-drag ratio will then be equal 

to 9«0> which is the value indicated in Figure 1. If the value of the 

design lift coefficient were reduced to 0.10 (corresponding to a doubling 

of the foil area), the lift-drag ratio would drop to a value of 5»3- In 

other words, the lifting efficiency would be reduced by about hO percent. 

EFFEKTS OF LIFT OOEFFICIENT AHD ASPECT RATIO 
ON THE PERFOIMANCE OF PLANING HüUß 

The relationship between lift-drag ratio and lift coefficient is of 

primary importance for planing hulls as well as for hydrofoils. This 

relationship can be determined for planing hulls by means of equations for 

planing lift and drag, which have been developed by the NACA and the David 

Taylor Model Basin, and subsequently programmed for solution by electronic 
* 

computers. These equations are discussed in Reference 1.  The resistance 

equation has been revised for the present report to include the effect of 

the spray area deflectors described in Reference 2. These deflectors give 

a reduction in drag. Computed values of lift and drag for planing hulls 

having 12.5-deg deadrise angle are plotted in Figure 5 in the form of 

lift-drag ratio versus lift coefficient. Carves are  shown for several 

values of aspect ratio. It can be seen that for a particular value of 

aspect ratio the relationship between lift-drag ratio and lift coefficient 

for a planing hull is similar to that for a hydrofoil; i.e., the curve is 

concave downward so that an optimum lift-drag ratio can be obtained by 

appropriate selection of the lift coefficient. 

References are listed on page f. 



The highest values of lift-drag ratio for the various values of 

aspect ratio (see Figure 5) have been plotted in Figure k to give a curve 

of maximum L/D versus aspect ratio. It can be seen that the maximum L/D 

improves markedly as the aspect ratio is increased from 0.5 to 2.0 but 

that there is only a slight further improvement in efficiency with further 

increase in aspect ratio. Also, an aspect ratio of 2.0,  together with the 

associated optimum value of lift coefficient of O.O575 (Figure 5), will give 

a lift-drag ratio of 8.?. This is only slightly less than the value for the 

hydrofoil, and represents a substantial improvement in performance over that 

of the conventional planing boat shown in Figure 1. The conventional plan- 

ing boat, with an aspect ratio of 0.5 and a lift coefficient of 0.02, is 

operating at point "A" in Figure 3» Accordingly, as pointed our previously, 

its lift-drag ratio is 6.0. 

PROCEDURE FOR DESKaUNG AH EFFICIEKP LIFTING SURFACE 
FOR A PLANIHG BOAT 

A method of selecting appropriate values of aspect ratio and lift 

coefficient for an efficient planing surface is suggested above. The 

remaining steps in a procedure for designing an efficient lifting surface 

for a planing hull are as follows: 

Knowing the value of the aspect ratio (assumed equal to 2.0 as discussed 

above) and the corresponding value of optimum lift coefficient (equal to 

0.0575)* the angle of attack 0C can be determined from Figure 5 to be 

3.65 deg. 

then 

Also, since 

r -  W 

s   w 

V' 
Next, since 
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 ^000  = ^ ^2 

O.0575 (50 • 1.688r 
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where A is the aspect ratio and b is the span of the lifting surface, then 

b =  v^s"  =  /2(122)   = 15.6 ft 

Also, since 

A = b/A 

where Ji     is the mean length (or mean geometric chord) of the lifting 
m 

surface, then 

jg  = b/A = 15.6/2 = 7-8 ft 

The ratio It    /j?  can be read from Figure 6 to be equal to 0.841 
cp'  m 

(jtf  is the distance of the center of pressure, or center of gravity, 
cp 

forward of the trailing edge of the lifting surface). Then 

J2  = 0.841 (7-8 ft) = 6.6 ft 

Knowing the dimensions J?  and JL      makes it possible to lay off the mean 
m      cp 

geometric chord of the lifting surface, as shown in Figure 9« The location 

of the mean geometric chord will be at a distance b/4 outboard of the center- 

line of the boat. 

"Y (the angle of the stagnation line with the centerline in plan view) 

is determined from Figure 7 to be equal to 2k deg, and 6 (the angle of the 

spray direction with the centerline in plan view) is determined from 

Figure 8 to be equal to 47-5 deg. Equations for determining the values of 

•y and 6 were obtained fron Reference 5« 

The dimensions and angles which have been derived make it possible to 

lay out most of the details of the lifting surface shown in Figure 9. To 

define the trailing edge of the lifting surface, however, it is necessary 

to assume a value for the taper ratio (ratio of tip chord to root chord). 

Analogy with the design of airplane wings and hydrofoils suggests that a 

taper ratio of about 0.5 would be suitable (see, for example. Figure 1.^5 

in Reference k). This value has accordingly been utilized and thus it is 

possible to complete the plan view drawing of the lifting surface. A step 



is then introduced in the hull bottom, coinciding vith the line of the 

trailing edge of the lifting surface. 

Figure 9 shows that the vidth of the optimized lifting surface exceeds 

the chine width of the conventional boat öf Figure 1. A number of modifica- 

tions (see Figure 10) might be utilized in order to resolve this discrepancy. 

One possibility would be to add hydrofoil-like appendages to the chines of 

the boat as shown in Figure 10a. The bottoms of these additions should form 

continuations of the planing surface of the hull. By curving the top 

surfaces to give hydrofoil-like section shapes, the added drag at low speed 

could be minimized. Alternatively, the chine width throughout the length 

of the boat could be increased so as to provide the desired lifting surface 

width as in Figure 10b, or the chine width of the forebody only (back to the 

step) could be increased as in Figure 10c. 

The planing boat configuration proposed here would certainly require, 

like the airplane or hydrofoil boat to which it has some resemblance, an 

adjustable stabilizer at the stem for stability and trim control. Such a 

stabilizer could presumably be of either the planing or hydrofoil type and 

could be expected to carry about 10 percent of the weight of the boat. The 

area of the main lifting surface can therefore be reduced by this same 

percentage. 

SUGGESTED FURTHER REFINEMENTS FOR IMPROVING 
THE PERFORMANCE OF STEPPED PLANING HULLS 

The performance values and design methods proposed so far have been 

for uncambered planing surfaces since this is the only type for which the 

necessary data and analytical expressions are available. References 5 

and 6 indicate, however, that significant improvements in performance can 

be achieved by utilization of camber. Additional analytical and experi- 

mental work will be needed to make it possible to determine optimum camber 

curvature for realistic design cases. Analytical expressions or graphs for 

lift and center of pressure will also be needed as part of a complete design 

method for optimized cambered planing surfaces. Work on these items is 

proceeding at the Taylor Model Basin. 
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Additional refinements can be incorporated into planing lifting sur- 

faces which will lead to further improvements in performance. Reference 7 

indicates that the utilization of either horizontal chine flare or vertical 

chine strips (i.e., end plates) will increase the lift-drag ratio of a 

planing surface by more than 15 percent. Reference 8 indicates that such 

small end plates will also effectively suppress the main spray blister 

created by a planing surface. A number of the foregoing factors taken 

together suggest that the type of optimized higjh-aspect-ratio, cambered 

lifting surface proposed here, when fitted with the end plates just 

referred to, would probably give a planing boat tne desirable characteristic 

of making only a small surface disturbance and would, therefore, make it 

suitable for running at high speed in restricted waters. 
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figure 5 - Lift Coefficient versus Angle of Attack for 
Planing Hulls of Various Aspect Ratios. 
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Figure 6 - Center-of-Pressure/Mean-Wetted-Length Ratio 
versus Angle of Attack for Planing Hulls cf 
Various Aspect Ratios (12.5 Degree Deadrise) 
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Figure 7 - Angle'K between Stagnation Line and 
Ceaterllne In Plan View. 
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Angle e between Spray Direction and 
Centerline In Plan View. 
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Figure 10A - Local Extensions Added to Planin« Bottoi 
(Plat on Botto« and Curved on Top) 
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